Abstract-This paper deals with a model adjustment for the estimation of age by means of amino acid racemization analysis. Two model families were obtained on the basis of the different genera of mol luscs analysed, and were applied to a palaeontological site located in the Cullar-Baza basin: "Venta Micena" (Orce, Granada). The analytical results obtained from the study of fossil gastropods have pro vided a very coherent average dating of 983 ± 58 Ky, this coinciding to a large extent with the most widespread palaeontological, geological and stratigraphical datings for the site. There is, however, no agreement with certain recent theories that situate Venta Micena chronologically at the PliocenePleistocene boundary (ca.
INTRODUCTION
One of the most important problems involved in Pleistocene palaeoenvironmental and palaeoclimatological studies in Spain, and other parts of the world, is that of placing the observations on a chronostratigraphical scale allowing the velocity or isochrony of the processes to be established. Traditionally, relative dating has been accomplished through geomorphological, palaeontological and archaeological studies in which forms, fossils and artifacts were placed on the stratigraphical scale according to (more or less) subjective analysis, i.e. the relative topographical level of fluvial terraces or glacial moraines, the evolutionary stage of fossil remains, according to an assumed velocity of evol ution or the morphological characteristics of stone artifacts. Obviously these methods do not work accurately because in most cases there is in fact a feedback process: forms and deposits are used to place fossil and archaeological remains on the chronostratigraphical scale and later provide the clue for dating of the processes.
Radiometric 5./. methods ( 14 C, U-series, K/Ar, ESR, TL...) are particularly useful tools for dating and are widely used in spite of the range method limitations; however, the most frequent problem is related to the possibility of finding samples for dat ing purposes (weight or nature). The amino acid racemization dating method provides certain advan tages: only minor sampling processes are required (80 mg maximum) and a wide group of materials are available for dating, e.g. shells from mollusca (Goodfriend, 1987; Wehmiller, 1993) , foraminifera (Wehmiller, 1993) , ostracoda and eggs (Meyer, 1992 The amino acid analysis of fossils was initiated many years ago (Abelson, 1954) and has since been continued by many researchers (Hare, 1969 (Hare, , 1971 Bada and Protchs, 1973; Bada and Schroeder, 1972; Miller and Hare, 1975) . Today, amino acid racemi zation ratio analysis makes it possible to determine the palaeoclimatological data of a region (Bada et al, 1973b; Wehmiller, 1993) . Amino acid racemiza tion analysis also allows aminostratigraphy (Miller and Hare, 1980 ) and aminochronology to be estab lished. Aminostratigraphy consists of arranging geo logical sites into a sequence on the basis of observed clusters of racemization ratios, established using representatives of one zoological genus. This method is an excellent tool for the correlation of sea level oscillation-linked deposits-marine and fluvial terraces indicative of warm and stable cli mate periods (Miller and Some years ago, Venta Micena, a small-holding located close to Orce in Granada, was widely men tioned in the mass media as a result of a controver sial finding of human/non-human remains (Gibert et al, 1989 (Gibert et al, , 1992b . It is not our objective here to get involved in palaeoanthropological questions, but rather to place this palaeontological site on a Pleistocene time-scale using the amino acid racemization dating method. This site, along with many others in the Cullar-Baza Basin, was dated using this method during a lengthy dating campaign car ried out for drawing up of the "Instituto Tecnologico Geominero de Espana" 1:50000 geo logical map (Torres, 1995) .
EXPERIMENTAL

Geographical situation and palaeontological-geological settings
Venta Micena is a well-known paleontological site of Upper Villafranchian age (Fig. 1) Pliocene-Pleistocene sediments appear at the SW limit of the basin and at its northern boundary (ITGE, 1989). Lower Pleistocene deposits are well represented in the central part, whereas midPleistocene materials are to be found at its southern limit. The Orce site has been wrongly placed in a Middle Pleistocene dated outcrop.
The Pleistocene sedimentation of the Orce (Venta Micena) area (Fig. 2) consists of fine-grained detri- tal deposits at the lower part (Soria et al., 1987) , followed by carbonate deposits of lacustrine origin. The lower-middle Pleistocene sediments were unconformably capped with recent gravels of allu vial origin. Mesozoic limestone outcrops acted as local thresholds during Pleistocene deposition. The bottoms of the valleys are filled with recent (Holocene) deposits.
The Venta Micena section (Anadon et al., 1987) (Fig. 3 ) may be described as follows: 
Sample preparation and analysis
The glassware used for analysis (except the Pasteur pipettes) was cleaned by baking in an oven at 500°C for about 2 h. Eppendorf plastic micro test tubes, plastic micropipette tips and Pasteur pip ettes were new from the factory. Teflon liners and septa were thoroughly washed with petroleum ether and acetone and rinsed three times with ultraclean water. All the water used in the analysis was Milli-Q quality from Millipore. Concentrated hydrofluo ric and hydrochloric acids and trifiuoroacetic acid anhydride were Merck analytical grade. Thionyl chloride was purchased from Fluka AG. Isopropyl alcohol and n-hexane were Merck HPLC grade, and dichloromethane was Merck spectroscopy grade.
All the shells used for amino acid racemization analysis were thoroughly cleaned by a combination of ultrasonication and mechanical cleaning with a dental drill, and rinsed thoroughly with deionized water, 2 N hydrochloric acid and again with deion ized water. Hydrolysis of ca. 80 mg of shell was car ried out in a mixture of 12 N hydrochloric acid (2.9 ^lmg -1 ) and 6N hydrochloric acid (100 ^1), in test tubes with Teflon-lined screw caps closed in an atmosphere of nitrogen, in a heating block at 100°C for 20 h. Desalting was accomplished in conical 1.5 ml Eppendorf plastic micro test tubes with caps, with concentrated hydrofluoric acid added (1.25 /ilmg -1 of sample), this being mixed with a mechanical Vortex shaker, and centrifuged for 4 min in an Eppendorf centrifuge. The supernatant was transferred to new 1.5 ml Eppendorf micro test tubes, frozen in liquid nitrogen, and vacuum dried in a plastic desiccator. Samples were redissolved with 80 fd distilled water, mixed in the Vortex sha ker, centrifuged for a few seconds to ensure the de position of all the droplets, and then transferred to 2 ml glass vials with screw caps and Teflon-lined septa. Water was evaporated at vacuum from the vials in the plastic desiccator, the caps not being tightly closed.
The first amino acid derivatization step consisted of essterification with 250 nl of 3 M thionyl chloride in isopropanol. The vials were tightly closed in a nitrogen atmosphere and left to react on the heating block at 100°C for just 1 h. The tops of the vials were then unscrewed (but not removed) in a hood and vacuum dried in a plastic desiccator just to the point of dryness. The second derivatization step consisted of iV-trifluoroacetylation with 150 n\ of trifluoroacetic acid anhydride (25% in dichloromethane). The vials were tightly closed in a nitrogen atmosphere and heated at 100°C for just 5 min on the heating block. They were subsequently allowed to cool and opened in a hood, where the dichloromethane solvent and the unreacted trifluoroacetic acid anhydride were evaporated under a gentle flow of nitrogen. Later the samples were dissolved in 125 fi\ of w-hexane, shaken in the vortex, and most of the n-hexane evaporated in a stream of nitrogen to a final volume of 15-25 fA, then being transferred to 150 jul injection vials.
One fil of sample was injected into a HewlettPackard 5890 gas chromatograph. The injection port was kept at 215°C and set for splitless mode for the first 75 s, at the beginning of which the sample was injected, and later set to split mode. We used helium as the carrier gas at a head column pressure of 5.8 psi, and a Chirasil-Val fused silica column (25 m x 0.39 mm x 0.25 mm) from Chrompack. The programme we used was as follows: 50°C (1 min), heat at 40°Cmin~' to 115°C, remaining at 115°C for 12 min, heating at 3°Cmin~' to 190°C, remaining at 190°C for 10 min, cooling down to 50°C and remaining at this temperature between runs (80°C if the time between runs is longer, typi cally overnight). The detector was a FID set at 300°C. Integration of the peak areas was carried out using the PEAK96 integration program from Hewlett-Packard, which runs on a PC computer. 44 shows a typical gas chromatogram of a sample. The sensitivity limits of the method may be fixed either in accordance with the racemization induced by the method (1-5%, Table 2 , "Today" row) or with the minimum concentration of amino acid detected, which is not a limiting factor (it depends on the age of the samples, since it affects the more recent samples in which the D-amino acid might not be detected). In all the samples analysed to date this problem has been solved by weighing a larger amount of the sample.
Dating method calibration
After setting up the analytical method in our lab oratory, we worked to obtain an external validation of the method in order to control any kind of sys tematic error that might introduce a bias in the results. Three samples from an interlaboratory amino acid racemization exercise (Wehmiller, 1984) were also analysed: ILC-A (Saxidomus sp. ca. 50 Ky), ILC-B (Mercenaria sp. between 100 and 250 Ky) and ILC-C (Mercenaria sp. ca 1.000 Ky). These samples were analysed by 11 laboratories in an exercise of interlaboratory control. The lack of bias and the validity of the process fit provided by our laboratory were confirmed (Table 1) . Although the final equilibrium state is affected only by temperature, for the Ile/Alo epimerization reaction it demonstrated the existence of a relation ship in Foraminifera between racemization percen tages, age and the current mean annual temperature (CMAT) (Wehmiller, 1984) . In our study, we have determined the CMAT for the areas of Priego (Torres et al., 1994) and Reduefia (Llamas et al,  1995) , which are climatologically similar to the zone under study, a CMAT of 11-14°C having been found. Thus, it has been considered that the same models would be applicable. As regards the type of fossils under study, the initial results pointed to the existence of differences between amino acid kinetics depending on the genera of mollusca analysed. These differences were more marked in the oldest samples analysed. In 10 samples of ancient fresh water gastropoda (Planorbis sp. and Radix sp.) from Priego (Torres et al., 1994) this effect was very marked for glutamic acid but negligible for leucine. A poor correlation between the racemization ratios of different amino acids might be explained in terms of early diagenesis (Goodfriend, 1991 remaining samples could be classed into two groups: Opercula and Gastropoda. The former were 2-3 mm sized, subcircular-ellipsoidal shaped dishes of aragonite, probably of Bithynia sp. Three differ ent genera were grouped into Gastropoda.
Samples of molluscs from U/Th method dated
First, a cluster analysis was performed with GC analysis results, three different groups being ident ified. One of these groups, which differed widely from the other two, included four samples with very low racemization rates, this disagreeing with Fig. 6 . Similarity cluster of amino acid racemization ratios (Ile/Alo isoleucine, leucine, aspartic acid, phenilalanine, glutamic acid) of Venta Micena samples. the other two. These results were interpreted as being due to the influence of contamination, and were discarded. A second cluster analysis of the 17 remaining samples revealed the existence of two groups: Opercula, along with an unidentified fragmenta, and Gastropoda (two Radix sp., one Bulimus sp. and six unidentified gastropod frag menta). In the second group a fragmenta sample presented very low racemization ratios, with the exception only of Alo/Ile. This result has been interpreted as a diagenetic effect and was also discarded prior to performance of the final clus ter analysis (Fig. 5) . All the analyses were car ried out on the basis of four amino acids (Alo/ He, leucine, aspartic acid and glutamic acid) since some results for phenylalanine were missing. When the clustering was accomplished using complete results, phenylalanine included, the grouping obtained was the same (Fig. 6) , thus reinforcing the validity of the previous cluster analysis.
Final age calculation was accomplished accord ing to the first set of models for seven samples grouped into Opercula, and according to the sec ond set of models for nine samples included in the Gastropoda group (Fig. 7 and Table 3 ). The uni dentified fragmenta was included in the Opercula group, this giving rise to a slight difference with respect to previously published data .
Taking into account the fact that the results obtained are independent measurements of the same parameter over a time interval, it is possible to calculate a global dating for each group (Table 3) ; it may be observed that age calculations for the fragmenta group show a higher scattering than those for the Opercula group. Prior to comput ing a "general average dating", the former global results from (Table 3) were analysed for each sample group, Opercula and Gastropoda. The test of the homogeneity of variances for the two groups shows that both are different, according to the 
Cullar-Baza
Fifteen Gastropoda samples were analysed (14 Helix sp. and one Planorbis sp.); one of them was lost during the sample preparation process. The cluster analysis of the GC results and D/L ratios showed the existence of an isolated group, and an anomalous individual with lower D/L ratios for all the amino acid pairs identified, this being rejected. (Fig. 9) .
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